Excitation of the A-band low-lying electronic states in the methyl halides, CH 3 I, CH 3 Br, CH 3 Cl, and CH 3 F, has been investigated for the ͑n → ‫ء‬ ͒ transitions, using electron energy loss spectroscopy ͑EELS͒ in the range of 3.5-7.5 eV. For the methyl halides, CH 3 I, CH 3 Br, and CH 3 Cl, three components of the Q complex ͑ 3 Q 1 , 3 Q 0 , and 1 Q 1 ͒ were directly observed, with the exception of methyl fluoride, in the optically forbidden EELS experimental conditions of this investigation. The effect of electronic-state curve crossing emerged in the transition probabilities for the 3 Q 0 and 1 Q 1 states, with spin-orbit splitting observed and quantified against results from recent ab initio studies.
I. INTRODUCTION
In this paper we report results from our third and final study into the scattering dynamics for electron collisions from the methyl halides ͑CH 3 X; X = F, Cl, Br, and I͒. Our first paper 1 dealt with a comprehensive study into elastic electron scattering from these molecules, both theoretical and experimental, while our second contribution addressed resonance phenomena in the behavior of some of their vibrational excitation functions. 2 Here, we conclude by examining electron impact excitation of the A-band low-lying electronic states in each of these species.
The electronic energies and structures of the methyl halides have been experimentally and theoretically studied for decades ͑see, e.g. Refs. 1 and 2 and references therein͒, in particular because ͑1͒ they are important compounds in the chemistry of the earth's atmosphere; ͑2͒ they may be used in several industrial applications such as the chemical industry in semiconductor etching, low-boiling solvents, as fire extinguishers and in pesticide production; ͑3͒ of their relevance in characterizing the behavior of negative ion states in terms of dictating the vibrational excitation and dissociative electron attachment cross sections under electron impact; and ͑4͒ the electronic state electron energy loss spectroscopy ͑EELS͒ spectra of a similar set of molecules, differing only in the bonded halogen atom, provides useful information on the initial electronic excitation and subsequent inter-surface dynamics. This latter reason is particularly relevant when addressing curve crossing, as we do later in Sec. III.
The vacuum ultraviolet ͑vuv͒ absorption spectra of the chloromethanes have been studied by Russell and co-workers, 3 and more recently Eden et al. 4 reported absolute values from high-resolution photoabsorption spectra of CH 3 Cl and CH 3 I in the energy range of 3.9-10.8 eV ͑320-115 nm͒. In that latter work special attention was made to provide a systematic assignment of the spectral features. The vapor phase vuv spectra of the bromomethanes by Causley and Russell 5 showed that for the A-band, in this absorption region, several overlapping electronic states appear with the degree of their contribution increasing with the number of substituted bromine atoms. EELS data from Nachtigallova et al., 6 on the low-lying excited states of CH 3 Cl, have been compared with results from ab initio calculations and the experimental energy difference between the triplet-singlet ͑n → ‫ء‬ ͒ states was found to be 0.4 eV. Theoretical calculations on the intensities in molecular electronic spectra have been addressed by Mulliken, 7 with particular attention to the N → Q perpendicular type complex arising from the excitation of a nonbonding np halogen electron to a ‫ء‬ molecular orbital. Since the 1970s measurements using circular dichroism have provided a large body of information over a wide range of wavelengths for photoabsorption spectroscopy. In particular magnetic circular dichroism ͑MCD͒ has allowed resolution of some overlapping transitions in halogen containing molecules including the methyl halides, CH 3 This result is in agreement with the zero kinetic energy photoelectron spectroscopy experiment of Strobel et al.
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In this paper we focus our attention on the low-lying excited states of the methyl halides, specifically the A-band corresponding to the ͑n → ‫ء‬ ͒ transition. We assign structures fitted in our EELS measurements to the three underlying electronic states, 3 Q 1 , 3 Q 0 , and 1 Q 1 , and we also discuss the temporary occupation of the 2 A 1 repulsive ‫ء‬ ͑C-X͒ ground state of the anions.
II. EXPERIMENTAL
The electron spectrometer used in the present work has been described in detail elsewhere. 15 Briefly, a monochromatic electron beam is generated with a hemispherical electron monochromator and crossed at right angles with an effusive molecular beam that enters the interaction region through a 5 mm long capillary with a 0.3 mm inner diameter. After the electron interaction with the target gas the scattered electrons are detected with a hemispherical electron analyzer. Both the electron monochromator and the energy analyzer are enclosed in separate, differentially pumped housings. The typical base pressure in the main chamber was 2.0 ϫ 10 −5 Pa and upon gas admission ͑CH 3 X; X = F, Cl, Br, and I͒ increased to a pressure of 2.0ϫ 10 −4 Pa. In the current experiments the energy resolution of the incident electron beam was about 25-35 meV ͓full width at half maximum ͑FWHM͔͒, with incident electron currents of a few nanoamperes ͑depending on the initial electron energy͒. The incident electron energy was calibrated with respect to the 19.365 eV, 2 S resonance in He ͑Ref. 16͒ and with respect to the 2 ⌸ g resonance in N 2 for the vibrational excitations around 2.4 eV. 17 The hemispherical electron analyzer is placed on a turntable stage and can be rotated from Ϫ10°t o +130°, with respect to the incident electron beam, with an angular resolution of about 1.5°͑FWHM͒. This is obtained through He 2 1 P state used to set the zero degree scattering angle with the angular ambiguity which is estimated by the geometrical condition of the acceptance view cone angle of the analyzer together with the mechanical angular-allowance included for the angular rotation.
For the energy loss measurements both the electron energy of the incident beam and the angle of the analyzer were fixed, with the intensity of the scattered electron signal being measured "in sync" with the energy loss. For the lower incident electron energies, it is important to establish the transmission of the analyzer over our energy loss range. Here, an estimate is made through a comparison with the energy dependence of other well known measured cross sections for inelastic scattering. Specifically in the present case we have made use of the helium 2 1 P transition. The energy dependence of 2 1 P to the elastic intensity ratio in helium at 20°w as measured, and compared with well-known values. [18] [19] [20] After consideration of other experimental parameters, the difference between the measured and standard ratios was considered to be a reasonable indicator of the apparatus transmission function. This transmission function was then used when needed to correct the measured EELS spectra.
In this study two approaches were used to obtain absolute differential cross sections ͑DCSs͒ for electronic excitation of the CH 3 X molecules. In the first method, the absolute scales were obtained by the relative flow technique 21 using the theoretical elastic cross sections of helium. 22 Note that this normalization method was used for scattering angles larger than 10°, where one can easily detect the elastically scattered electrons. For angles smaller than 10°, where the elastic signal to noise becomes problematic, a second normalization technique was used to measure the intensity ratio for electronic excitation of the targets relative to the excitation of the 2 1 P state in helium. The 2 1 P state DCS, 18 could then be employed to fix the corresponding absolute scales of the electronic excitations in the EELS.
The target molecule, CH 3 F, was obtained from PCR Inc. ͑Gainesville, FL, USA͒ with a stated purity of 99%, CH 3 Cl from Tri Chemical Laboratories Inc. ͑Yamanashi, Japan͒ with 99.999% stated purity, CH 3 Br from Tokyo Chemical Industry Co. Inc. ͑Tokyo, Japan͒ with 99% stated purity and CH 3 I from Wako Pure Chemical Industries Ltd ͑Osaka, Japan͒ with 95% stated purity. 26 In the ground state of all the CH 3 X molecules the highest occupied molecular orbital ͑HOMO͒ is the degenerate 2e halogen lone pair orbital ͑n X ͒. The diffuse feature assigned to the excitation of an electron from the HOMO to the lowest unoccupied molecular orbital of C -X ‫ء‬ antibonding character, is the well-established A-band of the methyl halides. 7, 27 This transition potentially results in a prompt dissociation along the C -X bond due to the strong repulsive nature of the excited state. 3 Br, and CH 3 I, for 100 and 30 eV incident electrons at scattering angles of 5°and 20°, respectively. The spectra were measured with an energy resolution of 25-35 meV in the energy loss range from 3 eV to at least 11 eV. With the exception of CH 3 F, the features corresponding to the excitation of the A-band in the 6.0-7.5, 4.5-6.5, and 3.5-5.5 eV energy loss regions of CH 3 Cl, CH 3 Br, and CH 3 I, respectively, are shown in Figs. 2͑a͒-2͑c͒. Figure 2 shows expanded views of the low-lying excited bands, where the DCS have been fitted with three Gaussian profile curves in order to resolve the three dipole allowed 3 Q 1 , 3 Q 0 , and 1 Q 1 components of the Q complex. Note that in C 3 symmetry this corresponds to the 2E, 2A 1 , and 3E states, respectively. Of particular interest from a detailed analysis of Fig. 1 is the fact that the lowest band maximum is shifted progressively to higher energies in the sequence order CH 3 F Ͼ CH 3 ClϾ CH 3 BrϾ CH 3 I, where it becomes increasingly overlapped with the B-band. This is particularly the case for CH 3 F. We will now discuss in turn our results for each of the methyl halides in the following sections. Any comparisons drawn between the different halomethanes in the sections below, regarding the intensity of the Q components, will be made for the same incident electron energy and scattering angle conditions, due to the different order of magnitude of the measured DCSs.
III. RESULTS AND DISCUSSION

A. CH 3 I
Mulliken's analysis for intensities in the molecular spectra of the halomethanes ͑including those reported here͒, from lower to higher energy loss, predicted a very weak transition assigned to 1 A 1 → 3 Q 1 followed by the strongest transition due to 1 A 1 → 3 Q 0 . He also predicted a weak feature assigned to the 1 A 1 → 1 Q 1 transition, which might be somewhat obscured by the more intense feature. 7 This is generally consistent with our experimental electron energy loss data ͓Fig. 2͑c͔͒, where the 1 A 1 → 3 Q 0 transition dominates at 100 eV impact energies and 5°scattering angle, but the 3 Q 1 and 1 Q 1 states which are of perpendicular character become more sig- 
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nificant at an impact energy of 30 eV and 20°scattering angle. Moreover, Mulliken also reported that the tail of the continuum band, toward lower energies, contains evidence for a small fraction of molecules dissociating into the iodine ground state, I͑ 2 P 3/2 ͒, which is not so evident for the analogue bromide ͑see below͒.
The three components of the Q complex have been assigned by Gedanken and Rowe 8 on the basis of their MCD experiments and generally speaking in good agreement with the calculations of Johnson and Kinsey. 28 Gedanken and Rowe experimental values are listed in Table I and compared with corresponding results from the present EELS data, where excellent agreement is observed. Comparisons made by these authors on their MCD spectra of CH 3 I, CH 3 Br, and CH 3 Cl, revealed that transitions to 3 Q 1 and 3 Q 0 become weaker for the last two methyl halides. Our DCS intensities also follow this trend and indeed our data for the 3 Q 1 component transition is almost absent for CH 3 Cl at a collision energy of 100 eV and a scattering angle of 5°. This behavior is a mirror of the expected spin-orbit coupling that becomes weaker in the sequence I Ͼ BrϾ Cl, therefore causing a considerable decrease in the intensity of singlet-triplet transitions when compared to those of a singlet-singlet nature. It is worth noting that our EELS at low impact energy and relatively high scattering angle enhance the singlet to triplet transitions to the detriment of the singlet to singlet transitions ͓see Figs. 2͑a͒-2͑c͔͒ .
From the present CH 3 I DCS data at 100 eV, 5°͓Fig. 2͑a͔͒, the 3 Q 0 transition carries about 76% of the continuum intensity, the 1 Q 1 transition around 21%, and the 3 Q 1 transition has only about 3% of the total intensity. At ϳ4.8 eV ͑260 nm͒ most of the 3 Q 0 intensity is correlated ͑ϳ90%͒ with the CH 3 + I ‫ء‬ ͑ 2 P 1/2 ͒ dissociative channel. However, a small fraction may also end up in the CH 3 + I͑ 2 P 3/2 ͒ channel. Our observed intensity values for the 3 Q 0 , 1 Q 1 , and 3 Q 1 transitions are in good agreement with those from the MCD data of Gedanken and Rowe. 8 Such behavior may be rationalized in terms of an effective curve crossing between the main states involved, i.e., 3 Q 0 and 1 Q 1 . Although initial excitation in CH 3 I is mainly through the 3 Q 0 state, through curve crossing, due to a Landau-Zener type transition ͑see also discussion for CH 3 Br below͒, the 1 Q 1 state becomes relevant at a large nuclear distance yielding the 2 P 3/2 channel. In the Franck-Condon region, the main transition from the ground state is to the potential energy curve of the 3 Q 0 excited state ͓Fig 2͑c͒, 100 eV, 5°͔. However as the amplitude of the molecular wave function progressively evolves towards the 1 Q 1 surface, as the molecule dissociates through a curve crossing, the steepness of 1 Q 1 is markedly accentuated along both the radial ͑C-I͒ coordinate and the off-axis distortion coordinate, , 10,12,14 resulting in prompt dissociation. In addition Townsend et al. 10 have pointed out that due to the highly repulsive nature of this state, dissociation through 1 Q 1 happens more rapidly, sampling a smaller number of distorted geometries than in the 3 Q 0 pathway. Therefore, the probability for curve crossing, which is dependent upon distortion away from the C 3 symmetry, is expected to be smaller in 1 Q 1 than in 3 Q 0 . This seems to be consistent with the profile obtained for CH 3 I in Fig. 2͑c͒ at an incident energy of 30 eV and 20°scattering angle, where the 1 Q 1 perpendicular transition becomes more prominent. This is also reinforced by the polarized emission spectroscopy of Lao et al. 29 at 4.66 eV ͑266 nm͒, who reported a gradual increase in emission from the 1 Q 1 potential energy surface on the n 3 overtones. This is also in agreement with the recent reported resonant feature of CH 3 I at 4.7 eV, in the vibrational excitation DCS of Kato et al. 2 Nevertheless, Strobel et al. 14 have indicated an increasing relevance of the coupling with a longer evolution time of the wave packet on the potential energy surface.
The branching ratio, I ‫ء‬ / ͑I + I ‫ء‬ ͒, for the present electron spectroscopy data at around an energy loss of 4.6 eV, yielded 
B. CH 3 Br
Comparing the shapes of the DCSs for CH 3 Br with CH 3 I suggests that the Q state potential energy curves are much steeper for the latter than the former. This in turn suggests that the separation for the three Q components in CH 3 Br is not so evident, leading to a broader overlap among them. That assertion is clearly visible from the EELS spectra at 100 eV, 5°͓Fig. 2͑b͔͒. Such a result is also particularly interesting because the dipole polarizability of the methyl halides follows the sequence CH 3 I Ͼ CH 3 BrϾ CH 3 ClϾ CH 3 F. 1 The anisotropy parameters measured in the photodissociation studies of Van Veen et al. 11 indicate that most of the intensity at 5.59 eV ͑222 nm͒ is associated with the 1 A 1 → 3 Q 0 and the 1 A 1 → 3 Q 1 transitions, whereas at 6.42 eV ͑193 nm͒ the 1 Q 1 and 3 Q 0 states are mainly excited. Our electron spectroscopy results for these energy values are consistent with those findings ͓see Fig. 2͑b͔͒ . Van Veen et al., 11 by assuming identical potential energy curves, noted that the difference arising in the A-band broadening of the bromide ͑ϳ1.0 eV͒, in comparison to iodide ͑ϳ0.5 eV͒, is mainly due to the smaller C -X bond for CH 3 Br ͑1.939 Å͒ relative to that for CH 3 I ͑2.139 Å͒. This may explain why the maximum absorption for CH 3 Br occurs at a larger excitation energy, even though there is a broadening of its absorption width. However we must not discard the fact that for any transition in the Franck-Condon region, the CH 3 Br 1 Q 1 excited state potential energy curve may be steeper than that for 3 Q 0 , as was the case for CH 3 I along the ͑C-I͒ and distortion coordinates, 10 resulting in prompt dissociation along the former surface and causing a smaller sampling range of distorted geometries than in the latter. Therefore, the probability of a curve crossing appears to be smaller for 1 Q 1 in CH 3 Br as compared to CH 3 I. Recent theoretical studies of the photodissociation dynamics of CH 3 Br A-band, using a wave packet propagation technique on coupled ab initio potential energy curves, have shown that nonadiabatic population transfers between the 3 Q 0 and 1 Q 1 states at the conical intersection are small. 30 This is in good agreement with the EELS data in Fig. 2͑b͒ , where the intensities for 3 Q 0 and 1 Q 1 remain almost the same in spite of the different impact energies and scattering angles. This has also been observed in the bromine angular distributions, where the ground state Br͑ 2 P 3/2 ͒ fragments display predominantly perpendicular behavior across much of the absorption region. 10 Time-of-flight mass spectra with polarized light from Van Veen et al., 11 have shown that the Br and Br ‫ء‬ fractions formed from the perpendicular and parallel transition, were in agreement with their angular distribution measurements, resulting in a conclusion that curve crossing did not play a significant role for the case of methyl bromide. In addition to the photofragmentation studies, Van Veen et al. 11 utilized the Landau-Zener model to try and explain the differences in the effectiveness of curve crossing between the 3 Q 0 and 1 Q 1 states in CH 3 I compared to CH 3 Br. The probabilities for an adiabatic transition at the crossing were discussed on the basis of the spin-orbit coupling and the radial velocity, v, with values of 0.30 and 0.06 for CH 3 I and CH 3 Br, respectively. Therefore these results suggest that such an adiabatic transition may account for the CH 3 I experimental observations.
The current relative integral intensities of the 3 Q 1 , 3 Q 0 , and 1 Q 1 states are 14.5%, 47.3%, and 38.2%, respectively, in good agreement with the cross sectional data yield of 11%, 45%, and 44% reported from Van Veen et al.
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C. CH 3 Cl
Townsend et al. 10 obtained energy-and angle-resolved distributions for ground state Cl ͑ 2 P 3/2 ͒ and spin-orbit excited Cl ‫ء‬ ͑ 2 P 1/2 ͒ photofragments in the A-band of CH 3 Cl at 6.42 eV ͑193.3 nm͒. The dissociation was found to be mainly impulsive in nature with most of the available energy ͑ϳ90%͒ released in translation. The angular distributions have also indicated the predominantly perpendicular nature of both the ground state and spin-orbit chlorine atom fragments. They found that the dominant transition in the A-band was due to the 1 Q 1 state, which is in good agreement with our data ͓Fig. 2͑a͔͒.
While the main transition in the A-band of CH 3 Cl is thought to be due to the 1 Q 1 state ͓Fig. 2͑a͔͒, the 3 Q 0 state becomes relevant for CH 3 Br and dominant for CH 3 I. The present DCS data in Fig. 2 show also that 1 Q 1 is shifted to lower EEL energies when proceeding from CH 3 Cl to CH 3 Br to CH 3 I. This observation is consistent with the data of Gedanken and Rowe, 8 which provided qualitative support for the observed shift of the 1 Q 1 MCD peak relative to the absorption peak. Moreover, this shift becomes more pronounced in methyl chloride because the absorption peak is almost entirely due to the 1 Q 1 state so that with the increased intensity of the MCD positive signal for 3 Q 0 , as you go along from CH 3 I to CH 3 Br to CH 3 Cl, the negative MCD peak due to 1 Q 1 is shifted to higher energies. The assumption of Townsend et al. that the energy ordering in the FranckCondon region should be similar to the allowed transitions in CH 3 I led them to conclude that at 6.42 eV ͑193 nm͒ the excitation is mainly due to the 1 Q 1 surface. 10 However this does not seem to be in total agreement with our data ͓see Fig.  2͑a͔͒ , since the intensity of 1 Q 1 at this energy loss ͑6.42 eV͒ is almost absent and the DCS value is too low. Instead, a transition to the 3 Q 1 state seems more plausible which is reinforced in the EELS data at 30 eV incident energy and 20°s cattering angle. The electronic curve crossing ab initio study of CH 3 Cl by Ajitha et al. 9 showed that the slope of the repulsive state of the potential energy curves decreased in comparison to that for CH 3 I. This has an effect on the broadened shape of the line profiles in the methyl chloride in respect to those due to other heavier halogens. As noted above the A-band here is mainly governed by the 1 Q 1 transition ͓Fig. 2͑a͔͒, although we must also note that there is a non-negligible contribution from the 3 Q 0 state. Thus, a transfer of population through the conical intersection formed between the 1 Q 1 and 3 Q 0 surfaces must be significant in CH 3 Cl.
D. CH 3 F
The lowest excitation band in the methyl halides has in general been assigned to the well known A-band. 27 Figure  1͑a͒ , however, shows the EELS for CH 3 F, where the lowestlying excited electronic state is very broad and structureless. In fact this feature can also be assigned to the B-band, 24 with a vertical excitation energy of ϳ9.2 eV and it is due to the promotion of a fluorine lone pair to the 3s Rydberg series converging to the ionic electronic ground state.
The electronic excitation in CH 3 F occurs from a molecular orbital with e symmetry, and so both the B and C-bands, as in the other heavier methyl halides, are also present. 24 Owing to the very weak spin-orbit coupling, that amounts to 0.01 eV ͑ϳ100 cm −1 ͒, which is far beyond our resolution, the splitting of these bands will be too small and the second component ͑E 1/2 ͒ very weak. A close inspection of Figs. 1͑a͒-1͑d͒ reveals that the A-band in the methyl halides is progressively shifted towards higher energies as you go from I to Cl, so that in the particular case of methyl fluoride it must overlap and becomes indistinguishable from the B-band. Robin 27 has also noted that there is no distinct equivalent A-band in the case of methyl fluoride. Therefore, no further discussion will be made regarding the Q complex components for CH 3 F.
Finally, we simply note that in our recent resonant vibrational excitation studies on methyl fluoride, 2 a strong indication for the resonant enhancement observed at about 6.6 eV, for the energy loss of 0.37 eV, was due to the formation of the 2 A 1 shape resonance. 2 Since in the present EELS there is no evidence of such a contribution, we conclude that the lifetime of the resonance may strongly compete with autodetachment in these species.
IV. CONCLUSIONS
We have reported EELS and absolute DCSs for electron impact excitation of the halomethanes CH 3 I, CH 3 Br, and CH 3 Cl in the Q complex of the A-band electronic states. This involved the excitation of the three 3 Q 1 , 3 Q 0 , and 1 Q 1 states, in the order of increasing excitation energies 3 Q 1 Ͻ 3 Q 0 Ͻ 1 Q 1 , respectively. A transition to the steepest electronic excited potential energy curve, as was the case in CH 3 I, led to dissociation in the A-band that contributed to a large broadening in its profile. The present electron spectroscopy data provided experimental evidence in support of earlier predictions from Mulliken 7 and the MCD data of Gedanken and Rowe, 8 as far as the role of the Q states in the A-band excitation of these methyl halides is concerned. Specifically the role of the 3 Q 0 and 3 Q 1 states becomes less significant as the mass of the halogen decreases. This effect is thought to be due to the weaker spin-orbit induced mixing with the 1 Q 1 surface. Furthermore, distortion of the molecular frame upon excitation lowers the molecular symmetry from C 3v to C s , resulting in considerable coupling between the 1 Q 1 and 3 Q 0 states. This is particularly relevant for CH 3 I. This coupling has been recognized as being due to a conical intersection that produces a considerable intersystem crossing as the molecules fall apart, therefore dictating the nature of the final products.
The transition intensities for the A-band of CH 3 Cl, CH 3 Br and CH 3 I were all found to be a mixture of the parallel and perpendicular components 3 3 Q 0 state becomes less relevant and the A-band is dominated by the 1 Q 1 perpendicular transition at both impact energies. From a spectroscopic point of view the transition probabilities from the ground state to these excited states depends on both the electron impact energy and the electron scattering angle. Hence their corresponding spectral features are expected to emerge, specifically, under conditions more favorable for optically forbidden transitions at low energy electron impact. Notwithstanding that general comment, at both of the kinematics we investigated in methyl chloride, the transition to the 1 Q 1 state dominates across almost the entire excitation band. This is in contrast to methyl bromide where comparable intensities for the 3 Q 0 and 1 Q 1 states are recorded under both conditions, whereas for CH 3 I the 3 Q 0 state is largely dominant only at the higher incident electron energy.
For CH 3 Br, the electron spectroscopy data in the highenergy loss region were found to be dominated by the 1 Q 1 state, whereas at low-energy loss it is dominated by the 3 Q 1 state. Around 6.0 eV energy loss the majority of the fragments may be formed in the Br ‫ء‬ ͑ 2 P 1/2 ͒ channel. No effective crossing is observed between the 3 Q 0 and 1 Q 1 states here. For an electron incident energy of 100 eV, 5°scattering angle data for CH 3 I and CH 3 Cl at 5 and 7 eV energy loss, respectively, the majority of the fragments are also formed in the 2 P 1/2 channel. However, this may change appreciably for low incident electron energy where strong competition between 1 Q 1 state and 3 Q 0 state occurs. Therefore the final dissociation channel can comprise both the ground ͑ 2 P 3/2 ͒ and the excited state ͑ 2 P 1/2 ͒ for the halogen ͑I and Cl͒.
